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1 Introduction
In RAN1#68, during the discussion of TxD for PUCCH Format 1b with channel selection, there was no consensus on confirming the related working assumption from RAN1#66bis, i.e.

· Transmit diversity scheme should be specified for PUCCH Format 1b with channel selection

·  For format 1b transmit diversity with channel selection 

· in FDD, at most 4 PUCCH resources are used for 2,3 and 4 A/N bits 

· FFS the number of PUCCH resources used in TDD 

· If possible, strive for a common solution between FDD and TDD

The conclusion was to continue discussion and it is encouraged to show the motivation for introducing TxD for the PUCCH Format 1b channel selection case.  
In this document, we give the views on the motivation to introduce TxD for PUCCH Format 1b with channel selection and the corresponding proposal.  
2 Discussion 
Regarding the benefit of introducing TxD for PUCCH Format 1b with channel selection, there were already extensive discussions and evaluations in a large number of contributions since RAN1#66 [1]~[11]. Based on the discussion, it is shown that there is clear link reliability gain over single antenna port (SAP) transmission provided by different TxD schemes, e.g. SORTD or E-SORTD. The gain can be utilized to increase the cell coverage or save transmission power while maintaining the cell coverage. Improved cell coverage allows more users to be scheduled with carrier aggregation. Furthermore, the transmit power reduction can mitigate the inter-cell interference for PUCCH [12]. Hence, it was supported to confirm the working assumption by majority of companies at RAN1#68. 
However, a few companies argue that TxD does not contribute PUCCH capacity improvement over SAP according to the SINR distribution, and then oppose introducing TxD for format 1b with channel selection [13]

 REF _Ref318873917 \r \h 
[14]. First, it should be noted that increase of multiplexing capacity was never a primary objective for introducing SORTD for the other PUCCH formats and it should be understood that the main purpose is to be able to leverage TxD for improved link reliability. In [12], we showed that the gains of TxD are even more pronounced when considering explicit ICI modeling. In fact, link level results show that SAP exhibits error floors when there are dominant interferers [12]. Moreover, in [13]

 REF _Ref318873917 \r \h 
[14], it is assumed that the performance requirement of SAP in case of 4 bits is -6.2 dB and -8.36 dB respectively, which are from different sources and may result in different observations. To avoid the diverse observations due to different performance assumption for SAP, the minimum performance requirement defined for SAP in RAN4 [15] should be used, which are considerably higher. It is also noted that the difference in the RAN4 requirement is only ~0.8 dB between PUCCH Format 1b with channel selection and PUCCH Format 3 for 4 ACK/NACK bits. Hence, given that TxD was deemed necessary for Format 3, it should also be adopted for Format 1b with channel selection.
In this contribution, system level evaluation is performed using the defined minimum performance requirement for SAP. In the evaluation, open loop power control is used and there is no closed loop power control modeling. The target SINR is set to be -4.5 dB [15] which is the minimum performance requirement defined for 4 ACK/NACK bits PUCCH Format 1b with channel selection in RAN4. The cell-specific power control parameter P0-PUCCH is searched to enable 95% of the UEs’s SINR to be larger than -4.5 dB, and then P0-PUCCH is applied for all the UEs. Based on P0-PUCCH and the required path loss compensation for each UE, the transmit power of each UE is calculated and PUCCH SINR distribution in the form of CDF can be obtained. The detailed simulation assumptions can be found in Appendix. 
Assuming there are 18 available resources in one resource block, up to 4 SAP UEs performing 4 bits ACK/NACK channel selection can simultaneously be multiplexed within one resource block. The PUCCH SINR CDF in case of multiplexing 1/2/3/4 UEs within one resource block is shown in Figure 1. 
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Figure 1: PUCCH SINR distribution
According to the PUCCH SINR distribution in Figure 1, the percentage of UEs that does not fulfill the requirement of -4.5 dB in case of different number of multiplexing UEs is summarized in Table 1.
Table 1.  Percentage of UE that doesn’t fulfil the requirement of -4.5dB
	Number of multiplexing UEs
	1
	2
	3
	4

	Percentage
	3.0%
	5.1%
	6.3%
	8.2%


It can be observed that there is no coverage problem for SAP in case of multiplexing 1 UE within the resource block; however, the outage probability is still larger than 5%  (5.1~8.2%) when multiplexing more than 1 UE, which cannot fulfill the performance requirement and TxD can be used to enhance the performance of the small percentage of cell edge UEs, i.e. coverage enhancement.

Furthermore, the power saving benefit of TxD is evaluated assuming all the UEs are configured with TxD. SORTD is assumed as the TxD scheme and the gain of SORTD over SAP is assumed to be 1 dB in the evaluation [7]
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[10]
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[11]. Although there is no minimum performance requirement definition for SORTD in RAN4 specification, it is reasonable to assume that the performance requirement of SORTD has 1 dB offset (i.e. -5.5 dB) over that of SAP to reflect the TxD gain. As up to 2 UEs for SORTD can be simultaneously multiplexed within one resource block in case of 4 bits ACK/NACK channel selection, the case of multiplexing 2 UEs in one resource block is considered in the evaluation. Given the SINR target of SORTD (-5.5 dB) and SAP (-4.5 dB), the SINR distribution of SORTD and SAP with power control is shown in Figure 2. The results show that the outage probability for both SORTD and SAP is about 5%, i.e. there is the almost same cell coverage.
Also, the transmit power distribution of SAP and SORTD is demonstrated in Figure 3. It can be observed that the transmit power difference is larger between SORTD and SAP especially at the cell edge, i.e. power saving is achieved by SORTD.   
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Figure 2: PUCCH SINR distribution of SAP and SORTD with different SINR target 
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     Figure 3: Transmit power distribution of SAP and SORTD

Based on the evaluation, it can be observed that TxD can enhance cell coverage in case of multiplexing more than one UE and there is the benefit of power saving given the same cell coverage as SAP. Hence, it is proposed that TxD should be specified for PUCCH format 1b with channel selection.
Regarding the TxD scheme, SORTD is preferred because of the best performance gain and the limited specification impact. Although the number of required resource is doubled compared to SAP, the overhead is not a big problem because there is only a few UEs which need to be configured with SORTD according to the SINR distribution in Figure 1.
3 Conclusion
In this document, the benefit of introducing TxD scheme is analyzed, which can enhance the cell coverage in case of multiplexing more than one UE in the same resource block and save the transmit power while maintaining the same cell coverage as SAP. 
The evaluation results show that SORTD has about 0.8~1.5 dB gain over SAP,[1]
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[7]
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[8]
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[9]
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[11], and therefore we propose,

· TxD scheme should be specified for PUCCH Format 1b with channel selection

· SORTD is the TxD scheme
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Appendix 
Table 2: Simulation assumptions

	Parameter
	Assumption

	Cellular layout
	Macro cell: 19x3 homogeneous network, 10MHZ Bandwidth

	Scenario
	3GPP Case1, ISD = 500 m

	Antenna configuration
	UE: 1Tx2Rx, omni

	PUCCH Uplink Power control
	Open loop power control according to 36.213,
P0_PUCCH according to different requirement.

	PUCCH multiplexed UE number
	1/2/3/4

	PUCCH format
	SAP/SORTD

	SINR requirement for SAP
	-4.5

	Cross Correlation factor between different CAZAC sequences 
	0.26

	UE antenna gain
	0 dBi

	Penetration Loss
	20 dB

	eNB Antenna pattern
	horizontal
	
[image: image4.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q



[image: image5.wmf]3

dB

q

 = 70 degrees, Am = 25 dB

	
	vertical
	
[image: image6.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

v

dB

etilt

SLA

A

,

12

min

2

3

q

q

q

q



[image: image7.wmf]3

dB

q

 = 10 degrees, SLAv = 20 dB

Case1: 
[image: image8.wmf]etilt

q

 = 15 degrees

Case3: 
[image: image9.wmf]etilt

q

 = 6 degrees

	Shadowing Standard Deviation
	8 dB





















































_1392645774.unknown

_1392645776.unknown

_1392645778.unknown

_1392645779.unknown

_1392645775.unknown

_1392645773.unknown

